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stMM!!Y

‘Thb effeot OE diffuser“@kVor%anc& of;the pasaaGe cuzw%~-tieof ““
twb v’aneless~diffusers iiesiEnedWItb”a 6° equivalent-Gone dive&nce
anEla’along ~’‘lQgarltbxicJspitial-“@tb waa :nvosti&ted in combination
with two mixed-fkw irn;eIlers. The diffuser performance ik kso~
on the ratio of the over-sll @.diabaticefficiency of the com@&3”or
to the impeller adiahat!.cefficisaay. The curve-sat adt~l impeller
tip speeds cf i’00and .1200feet per secon& are representative of bhe
~er220rmancefor the Spud raqge inv~sti~ated. The Veak over-all
adiabatic effi.cie~cyis coqared wltk the correkpondi~.;dlffaser
efficiency.

The large difference in the pamaCe.Mrvatuxe of the two vanelees
diff?l~erstide no .sp~reciabledtiference @ diffus?r performance at
the je~ compressor effici.e~cyfor-the range df.epeedp investigateci.

Imormcmxm -
. .

‘.
..,.

During an investigation of tbe performuace characteristics gf
m~xed-f~o~ irn~l~erg,a pog@m w&s “simultaneouslyconducted o~
vaneless dlffusers”to ~ind means o-ftaki~ full advant~e of t%’
inherently high efficiency, large flow capacity},a~d wide o~~ting
range of the.”mixed-fiowiqellers. Vaneless diff~~sersdesigned by””
the method of reference 1 ~ave efficiencies as high or hi~her then

~those of a vaned diffuser @eviousl~ Investigated ?rithth~ same ,:
im~ellera.hd ti.aintahedtb-usUal vaneless-tliff~mercharai%eristicp
of”a flat periiormnce cwve aud a wide operatin$”rqe. .The rear .._
pl.atoof the diffwsers described in referenoe ~ wds designed to
continue”apyoximately the imyeQar-discluqrgeangl~ in the ax3al -
direct~oIlfor fiostg~ the ~~di~.. This cm.fi~urti.th,noa”wedthe
completecompressor io have a “greataxial depth. : .
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A considerable reductjon in the axial depth can he achieved by
curving both the front and rear plates of”tho ti.fft~~.e~to reduce the
axtal oomponent of flow a9 rapidly aa possible, This curvature,
however, t~~mduces ~tbw-~rohle~i~ the .~~Ei~~ N“ VUOkQ~ d~f-
fusers becauso flow aepafiation3.slikely to occur abng the front
plate of the dlfi’user-unless the pausage.area i:3 rapidly reduced in
the direction cJfflow. The oytimum valuo of the contraction ratio
for the transition eectio~ would probably be consiilevahly”loasthan
the optimum value of 0,72 reyorted in re.feroncelx The recommen-
dations concerting the contirqcti.onratio iu reference 1 were tharefore
considered inap~l.icableto a vanelem-di.ffuaerdestgn that had a
m.uxed transition sectiion,

The perf’ormanieof twu 34-tUOh-diameterv~~eles~ diff~~era
desi,g+nedby the method Gf referencu 1 to match 6imi.larmixed-flow
impellers la c~~parod. T%se diff’usersbye Q large.difference in
.~saage curvaturo that 1s not Oonsidered”ig the de~ign method. The ~

.!-

ccmrparativeperformance thus extmnds “theinformation avd.lab~e on tho
application of the deu&qn rn~tl)odof vnrmlcsa ‘dii’~~uoeru.

Al?PARATUEAND HKKXLJURR

I?iffusers
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Impellers ,.

A B
Outside diameter, in., , . . . . . . , , . . . . . li.24 11.36
Inlet diameter, in. . . . . ~ . . . . . . . . . . 8,25 8.25
~let hub diameter, in. . . . . . . . . , . . . . 3,68, 3.68
Axial&@h,irl. . . . .. . . .. . . . . . . .-., 3.75 . 4,16
Blade height at outlet, in. , . . . . , . . , , . ,76 1,12
Axis;.dlscharGe,angle, deg . . . . . . , , . . . . 30 35

Ex~er2%en.tt3?. Setup

Tke psrfo~’manceof coroyresso~sA ad B was detcmdned in the
variable-component r5G in acpordanco with tho methods o~ reference 2.
Each impelkr hdzll.atipn was mnde with a Gkar=lce of 0.035 inch
measured statlcalj.ywith res”:mctto the stationary front shroud and
tith the immeller in maximum-thrust vos~.tion.(See fig. l.) A 600-
horsepower ;ircrafliemgine in conJu@tion
used to drive the test rig.

Instrumentation

with a speed increaser was

The aocuracy of the measurement during stable operatin& con-
ditions is estimated to to m f’o].lows:

Temperature, %’. . , . . . . . . . , . . , . . . , . ... , .+0.,5
Prer3sure,in.Hg . . . . . ; . , . ,:. . . , , , . +.?1 &oeQ2
Presmresurveys, in. IQ, . . , ~ , . . . . . . . . . . . , ,+0,1
Speed, percent . . . , . . .;. . . . . , . . . . . , . . .+0,5

Total-pressure tubQs for surveys across the impeller outlet”
were looatecl.approximately 1/4 inch from tileimpeller tip and par-
allel to tha blades, The tr=~ltion section of the diffuser w.ae
divided into YOU- equal sqgments, an% the total.proseure’
sumeys were taken at the center Point of each of’these .se&nents.
Some readings wero tdc~n dpri~ Unstable flow c~idition~ by recording
the average 0$ the fluctuati~ pressures, but these daix iwerenot used
in the perfommmce analy6i~. The total-pressure-sumveytubo was “

.-
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/Z 32 inch in diameter and pl~ge.d ,at,one and. A 0,02C1-inch-diameter
hole was drilled in the wall of’%his tube near the ‘pl,~ed end”;

,Tho impeller’tip apeod wa~”maintginod at the.desired ounstant
value vith.tho aid of a SQ66$ strip a9m960-cyGl~@tinbosmpic li@t-.
Frecylenfi.s;]eedchecks wore mnde with a revolution coun~-erand a stop
watch,

.

-.
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Expmirnental Ik’oc@ure

Tl~ luweat~gation of.t~.compres~ors~ns c@&ted according to the
methods of reference 2.. A ?notbQd..ofexperimental.~~oced;.~>esimilar to

.

that..~utlibedi~.refercmce 1 was wed. for.ccmqyxjnsorB. Compxmeor A
wm “.??dnat aotu?l’ imRellor ttp,spoeds of 7Q+~jJ900~-llCQ, and 1200 .fket
per tidcond. Compressor.B y’aa.rnnat actual impeller tip speeds of
TOO to 1200 feet per s~condat increments of 100 $eijtyer”second, . ““ ““~,
Room-temyoxature inlet air wa~ used for theuc investigations.

c!om,@.iation ‘ _. -: - .-, ‘. .—

. . The over-all compressor performance wasdetermimd. a-ccordi~bgto the
method.of reference 2.- Performance cbracteristics-”oft-hemixed-flow

—

impel.ler~Were based on the arithmetical mean of-the totul-preqsure.
surveys ati&be ’irryeLlertip.” Brjcaueethe compressor i,nstallathmawero .-”-

en.cl&ed.in @i insulated system, the total tomporattie meamrod in the
.— .-

outlct pzg.ewas assumed to bo.the same as that at the impeller-outlot
station. The diffuser efficiency, used to evaluate the pwformanco of
tileVanelegs diffusers, is defined a~ the ratio oi’the over-all adiabatic
efficiency of the co~resaor to the Impeller adiabatic sfficlency.

RFH.JUTsANTIDISCUSSION. . . ,.

Adiabatic efi’iciticy ~ad, titactual j.mFellerti~speed’s of 7~.and
,1200feet per second ia shown as.a function of the load coefficient Q/n
(where: Q, volwe”flpw, cv ft/f3e.O;n, im~eller s eed, rpa) in figures 3
and 4 for compressors A and 3. ?The parameter Q n_was yse~ beca~e
reference 1 shoWed that the flow con~ltions described by this ~ram- ‘, ““ -
eter dotewmined to a large exjtenti-theperf.Q~ance of the difllusor.
Over tiles~eed ~“e investigated, th~.~ec~es ara_relm&entativo “of
the perfownco of the v~cleas diffusers.

., .

—

.—
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The vaiatlon of diffuser efficiency with
parameter Q/n ia shown in figdre 5 at actual
of 700 and 120Q f’eetiper second. The greatest

5

the load-coefficient
Impeller tip speeds
error in these effi-

cienci,esartses from the inaoouracy of the impeller-performance
detemnination. ljjothdiff~ers had a small vwiation in efficiency
for the range of volume flow at each of these speeds. The effi- i
ciency of diffuser B could not be determjngd at the high load
coefficients at a tip speed of 1200 feet per second because”d’ the
unstable operating characteriettcs of iqpeller B.

\
A CCXIQUiSO~ of

figures 3, 4, and 5 indicates that the efficiency aF impeller B
was less than that of impeller A at the high t~p speeds.

The peallover-all adiabatic efficiencies and the corresponding
diffuser efficiencies of the two compressors are plotted against
the tipeller tip s~eed in figure 6. The peak over-all.efficienc~&
of the two compressors We approximately the same at 700 feet per \
second. As the tip speed fe increased to 1200 feet per second, the
efficiency of compressor B decreases rapidly in comparison w~th
compressor A. Although .atthe highest speed there @ a difference
of 0.12 in peak over-all efficiency betwee~ the two compressors,
there is very little d~erenae in the efficiency of the two vane-
less diffusers. TMs particular trend is also apparent at low
speeds. The diffuser-efficiency curve thus shows Lhat the per-
formance of vaneless diffueers A and B wss not effected appreciably
at the peak over-all e,ff”icienciesby differences in diffuser-
passage curvature and sli@t differences in the tnrpell.ers.fiss-
much as the flow entering diffuser B was probably more turbulent
than that entering diffuser A, owing to the difference In impeller
performance, diffuser B was not benefited by thtidifference in
impeller performance. Consequently, the curvature of diffuser B
did not promote any appreciable disturbances to the flow.

SU’MMARYOF RFSUZT6

An experimental investigation, condu~ted In a variabl~-
component ~ig, of two vaneless MfYusers of different passage
curvatures, designed for similar mixed-flow impellers, ehowed that
the large dfffferencein pass~e curvature of these diffusers made
no appreciable difference in diffuser perfogce at Lhe poqk
compressor efficiency for the range .@’speed~ investigated, .-

Flight Propulsion Reseazzch~boratmry,
National Advisory Committee for Aeronautics, ,

Cleveland, Ohioj June 23, 1947.
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Figure 1. - Dimensional comparison of passage curvature in uaneless diffusers A and B. (All rlimen- ~
sions in in.)
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Fig. 2

Figure 2. - Mixed-flow impeller B.
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(a) Actual tip speed, 700 feet per second.
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(b) Actual tip speed, 12(X) feet per second.

Figure 3. - Performance characteristics of compressor A.
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Figure 4. - Performance characteristics of compressor B.



.

NACA TN NO. 1490 Figs. 5,

NAT IONAL ADVISORY
COMMITTEE FOR AERONAUT ICS

.90 — — “ “— -\\\ —— ___
I

.80
(a) Actual tip speed, 700 feet per second.

L

% 1.00.
z Vane less Unstable-
%

di ffuser flow
z

A region for
——— B impeller 8

.90

_— —
// .

/y /
/ - ~ ~

.80
.08 .12 .16 .20 .24 .28 .32

Load coefficient, O/n, cu ft/revolution.
(b) Actual tip speed, 1200 feet per second.

Figure 5. - Comparison of efficiencies of vaneless diffusers A and
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Figure 6. - Comparison of diffuser efficiencies with peak over-al I
efficiencies for compressors A and B.
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